Background: The lipid accumulation product (LAP) is a powerful marker for predicting metabolic syndrome (MS) in adults. The present study aimed to propose a novel indicator, the children's lipid accumulation product (CLAP), and to assess its association with MS among Chinese children and adolescents. Methods: A total of 683 Chinese children aged 8-15 years were recruited using a stratified cluster sampling method in this cross-sectional study. The presence of MS was defined according to the NCEP-ATP III criteria. The effects of BMI, WHtR and the CLAP for predicting MS were compared using logistic regression models and receiver operating characteristic (ROC) curves. Results: The prevalence of MS was 5.1% (6.6% and 3.5% among boys and girls, respectively). Overall obesity (based on BMI), abdominal obesity (based on WHtR) and CLAP≥P75 were significantly associated with an increased risk of MS (ORs (95% CIs) were 143.79 (18.78-1101.22), 86.83 (27.19-277.27), 150.75 (20.11-1130.19), respectively). The area under the ROC curve (AUC) for the CLAP was higher than that for BMI and WHtR for predicting MS, with AUC (95% CI) values of 0.944 (0.913-0.975), 0.895 (0.864-0.927), and 0.928 (0.903-0.953), respectively. Conclusion: The children's lipid accumulation product (CLAP) was an effective indicator associated with MS in Chinese children and adolescents and was better than BMI and WHtR for predicting MS.
Introduction
Metabolic syndrome (MS), which is characterized by a cluster of interdependent disorders, including abdominal obesity, hypertension, hyperglycemia, and dyslipidemia, is correlated with the development of cardiovascular diseases (CVD) and diabetes. [1] [2] [3] With obesity among children being widespread, the occurrence of MS in children has been increasingly common. 1 The National Health and Nutrition Examination Survey (NHANES) showed that the prevalence of MS in American children and adolescents ranged from 4.2% in 1988-1994 to 10.1% in 2001-2010. 4, 5 In China, the prevalence of MS among children and adolescents aged 10-16 years was 4.1% in 2012. 6 MS not only has an influence on childhood health but also increases the risk of several adulthood diseases 4, 7 and has become an important public health issue. 8 The diagnosis of MS requires several factors, including anthropometric and clinical factors. It is difficult to apply the diagnostic criteria for MS in large-scale epidemiological studies due to the time and economic cost for measuring the required indicators. 9 Some studies have shown that obesity is one of the main risk factors for MS and have proposed BMI, waist circumference (WC) and WHtR to predict MS. [10] [11] [12] Nevertheless, not all adipose tissue is harmful to the human body; for example, brown fat can burn fat and release energy. Therefore, it cannot simply be assumed that high body weight and excessive overall fat are indicators of unhealthy states. 12, 13 BMI does not distinguish between lean body mass and the distribution of fat and, therefore, might miss a large proportion of the population at risk due to abdominal obesity and may additionally result in false-positive obesity diagnoses for parts of the population with a lean body mass. 14 
WC and
WHtR are important indices for screening abdominal obesity， however, they do not show that the excess body fat presents in circulating blood as TG. 9 The definition and quantification of lipid accumulation in a specific environment may represent certain physiological risks and can help researchers to further understand the role of adipose tissue in the pathophysiology of diseases and its value in predicting the risk of disease occurrence. 15 Whether an individual's excess lipid fuel eventually appears as an enlarged abdomen or as an elevated circulating TG level could be dictated in part by genes or by features of the individual's environmental circumstances, and an increase in WC or TG can reflect the status of lipid accumulation in the body. 12 Kahn et al 15 proposed a new marker, the lipid accumulation product (LAP), which reflects the total lipid accumulation in the body, to predict MS in adults. Waist circumference and fasting TG concentration were used to define the LAP. The LAP calculation in adults usually involves the subtraction of a minimum WC value; however, children and adolescents are different from adults, and the WC and minimum WC have obviously increasing trends with age. Hence, the LAP may not directly reflect lipid accumulation in children and adolescents. Beyond waist circumference (WC) and triglycerides (TG), abdominal skinfold thickness (AST) is an important and simple index reflecting abdominal adipose tissue accumulation among children and adolescents. The aim of this study was to develop a new marker, the children's lipid accumulation product (CLAP), using waist circumference (WC), abdominal skinfold thickness (AST) and triglycerides (TG) and to explore the association of this marker with MS.
Materials And Methods Subjects
This study effectively recruited 683 Chinese students aged 8-15 years, including 366 boys (53.6%) and 317 girls (46.4%), via the stratified cluster sampling method by school and grade from 2 nine-year system schools. This study was conducted in accordance with the Declaration of Helsinki and was approved by the Medical Ethics Committee of the Bengbu Medical College ([2015] No.003). Informed consent was signed by parents or guardians of the children and adolescents before the medical examination.
Measurements Of Physiological And Biochemical Indexes
The participants were required to wear light clothes and to stand straight, be barefoot, and have an empty stomach when being measured. Their height was determined by a mechanical height measure and was accurate to 0.1 cm. Weight was measured by an electronic scale and was accurate to 0.1 kg. The waist circumference (WC), which was the perimeter of the waist along a horizontal line at 1 cm above the belly button, was measured to the nearest 0.1 cm using Nylon tape. Abdominal skinfold thickness (AST), which was the skinfold thickness at the junction of the belly button horizontal line and right collarbone midline, was measured to 0.1 mm using a skinfold thickness gauge. The systolic blood pressure (SBP) and diastolic blood pressure (DBP) of the participants were measured after sitting quietly for 10 min. If the difference in two measures was greater than 8 mmHg, the measurement was repeated after an interval of 2 min, and the average of the final two measures was used in the analyses. SBP was defined as the onset of the Korotkoff sound (K1), and DBP was defined as the fifth Korotkoff sound (K5).
After at least 8 h of overnight fasting, 3 mL venous blood samples were collected from the children and adolescents by the medical staff after they received standardized training. Triglyceride (TG) and fasting blood glucose (FBG) levels were detected using enzymatic methods. High-density lipoprotein cholesterol (HDL-C) was detected using the enzyme-linked immunoassay method. 19 Children with moderate-to-vigorous physical activity for ≥60 min were defined as the high group; the others were defined as the low group. 20 Children with a sedentary activity time ≥120 min were defined as the high group; the others were defined as the low group. 21 
Criteria For Metabolic Syndrome (MS)
In this study, MS and its components were defined according to the modified NCEP-ATP III criteria. 4 MS was identified when three or more of the following five components were present: (1) abdominal obesity: a WC equal to or above the gender-and age-specific 90th percentile for Chinese children; 22 (2) elevated TG: a TG≥110 mg/dL; (3) low HDL: an HDL≤40 mg/dL; (4) elevated blood pressure: an SBP and/or a DBP≥90th percentile for gender and age; 23 and (5) elevated fasting glucose: a glucose≥110 mg/dL.
Calculation Of The Derivative Variables
The body mass index (BMI) = weight (kg)/height (m) 2 , and the participants who exceeded the BMI for their ages and gender were classified as having overall obesity according to the BMI reference norm for screening overweight and obesity in Chinese children and adolescents. 24 The waist-height ratio (WHtR) =WC (cm)/height (m), and WHtR≥0.5 was defined as abdominal obesity. 25 Children's lipid accumulation product (CLAP) was defined as CLAP= waist circumference (WC(cm)) ×abdominal skinfold thickness (AST(mm)) × triglyceride (TG(mmol/L))/ 100. The CLAP was divided into two grades (≥75th percentile and <75th percentile) by 75th percentile of CLAP for gender and age.
Statistical Analysis
The SPSS 23.0 software (SPSS Inc., Chicago, IL, USA) was used for statistical analysis. The data were described using rate or proportion, mean ± standard deviation. The independent-samples t-test and Chi-square test were used to compare differences between two groups. The relationships between overall obesity, abdominal obesity, CLAP and MS were analyzed by a binary logistic regression model. The receiver operating characteristic (ROC) curve was generated to detect the predictive capabilities of BMI, WHtR and CLAP for MS. P < 0.05 was considered statistically significant.
Results
A total of 683 children aged 8-15 years were included in this study. As shown in Table 2 , the age, height, weight, BMI, WC, WHtR, AST, SBP, DBP, FBG, TG and lnCLAP among children with MS were higher than those among children with no MS, while HDL-C was lower (P<0.05). In addition, overall obesity (based on BMI), abdominal obesity (based on WHtR), CLAP≥P 75 , and moderate-tovigorous physical activity time<60 min were risk factors for MS (P<0.05). However, there were no significant associations between MS and healthy dietary behaviors, risk dietary behaviors and sedentary activity time (P>0.05).
As shown in The receiver operating characteristic (ROC) curve was generated to detect the predictive capabilities of CLAP, BMI and WHtR for predicting MS (Figure 1 
Discussion
With the increasing prevalence of overweight and obesity in children and adolescents, MS has become an important public health issue that affects the health of children into adulthood. 4, 26 The current study showed that the overall prevalence of MS in children and adolescents was 5.1%, 6.6% in boys and 3.5% in girls. Kim et al 27 reported that the overall MS prevalence was 5.7% and was higher among boys (5.8%) than among girls (5.5%) (based on the modified NCEP-ATP III) in Korean children. The results from the Chinese Work Group of Pediatric Metabolic Syndrome's survey showed that the prevalence of pediatric metabolic syndrome in six Chinese cities was 2.4%, 3.3% in boys versus 1.4% in girls (based on MS-CHN2012). 28 Ye et al 29 also indicated that the prevalence of MS in boys was higher than that in girls' in China. The higher prevalence of MS in boys may be related to dietary factors. Our study showed that the proportion of risk dietary behaviors (≥P 75 ) in boys was significantly higher than that in girls. The study from Pan et al 30 indicated that the girls' overall diet quality was better than the boys. However, there was also a study that showed that the prevalence of MS in girls was higher than in boys. 31 This finding might be related to a family history of obesity or MS. 32, 33 Additionally, we found a significant gender difference in WHtR, SBP, FBG and TG, and boys had higher values of WHtR, SBP and FBG and lower values of TG, which was consistent with the studies from Yang et al. 34 and Kim et al. 27 The current study showed that sedentary activity time was not related to MS, which was also consistent with the study from Wang et al. 35 However, our study showed that moderateto-vigorous physical activity time<60 min was a risk factor for MS, which was in line with previous studies. 36, 37 Furthermore, the study by Chastin, et al 38 and Stabelini Neto, et al 39 also
pointed out that moderate-to-vigorous physical activity was 40 An individual's excess lipid fuel appears eventually as an enlarged abdomen or elevated circulating TG, indicating that available lipid fuels have exceeded the individual's capacity to buffer and safely store this major form of acquired energy. 15 In this study, TG, WC, and AST were significantly associated with MS. AST was defined as the skinfold thickness at the junction of the belly button horizontal line and right collarbone midline and reflected a point of abdominal fat accumulation. 42, 43 In addition, the receiver operating characteristic (ROC) also showed that the CLAP had a stronger prediction accuracy. The area under the curve (AUC) for the CLAP was 0.944; the AUCs of BMI and WHtR were 0.895 and 0.928, respectively. Clearly, CLAP was a stronger risk factor for MS compared with BMI and WHtR. There were still several limitations in the current study. The number of people with metabolic syndrome (MS) in this study was small, and the sample selection might be insufficient to represent the overall disease level of MS in children and adolescents. Finally, there was limited ability to infer causality between CLAP and MS for the present cross-sectional study.
In summary, the children's lipid accumulation product (CLAP) was a novel indicator associated with MS in children and adolescents that was better than BMI and WHtR.
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